The current study was undertaken to estimate the effectiveness of the brown algae Sargassum latifolium in removal of Ni 2+ and Pb 2+ ions from metal solution by adsorption as alternative low-cost adsorbents. Laboratory batch examination was conducted to estimate the influence of contact time, pH, initial Ni 2+ and Pb 2+ ions concentration, temperature and adsorbent dose on adsorption efficiency. The highest metal removal was obtained under condition of pH 7&6, temperature 25 & 30 o C , contact time of 5 & 60 min for Ni 2+ and Pb 2+ ions respectively, and optimum amount of 2.5 g with initial metal ions concentration of 10 mg L -1 . Different isotherm models, namely Langmuir, Freundlich, Temkin and Dubinin-Radushkevich were used to analyze the investigational data, and the models parameters were evaluated. The maximum removal capacities (Q max ) estimated by Langmuir isotherm were 0.276 and 0.171 mg g -1 for Ni 2 + and Pb 2+ , respectively. Furthermore, the kinetic studies proved that alga has poor fit by pseudo first-order model while they have a good fitting with pseudo second-order model. In addition, the applications of alga to remove pb 2+ ions from seawater and wastewater were investigated under optimization conditions. efficiency (Rao et al., 2007) . A number of studies concluded that adsorption technology is a promising low cost alternative for heavy metals elimination. The efficiency of this technique is directly related to the adsorbent materials (adsorbents), which should be derived from a suitable biomass, available, and have high removal capacity.
Among studied adsorbents, the brown macroalgae were proposed as suitable materials for metal removal due to their characteristic with great metal binding capacities, a renewable biological resource and availability in excess amounts (Schiewer and Volesky 2000; Romera et al., 2007) . The cell wall of the brown algae contains considerable amounts of polysaccharides such as alginates, fucoidans in addition to acid functional groups as acetamido, hydroxyl, amino, carbonyl, amido, and amino (Vieira and Volesky 2000) . Both chemical functional groups and organic substances have great role in metal ion complexations. It has been assumed that one function of these polysaccharides compounds is to selectively absorb metal ions in a saltwater environment by ion exchange (Stewart 1974) , and it is the main component responsible for metal sorption in treatment process (Barquilha et al., 2019) . The mechanisms underlying adsorption process are essentially explained by physical sorption (electrostatic affinity-vanderwaal power of affinity) or chemical sorption (covalent binding reaction among negative charge and cationic ions of cell surface) (Vijayaraghavan and Yun 2008) . The aim of this paper was to estimate the feasibility of the raw biomass of brown alga Sargassum latifolium for the removal of nickel (II) and lead (II) from aqueous solution. The sorption studies have been examined by batch investigates with regard to the effect of contact time, pH, initial ions concentrations, temperature and adsorbent dosage. Furthermore, both isotherm and kinetics models were studied to investigate and predict the adsorption behaviour. Finally, the adsorption capacity of S. latifolium for Pb 2+ was investigated in synthetic seawater compared to industrial effluent.
MATERIALS AND METHODS

Adsorbent
Brown alga (S. latifolium) was collected from the intertidal zone of Suez Bay, Egypt. The alga was first washed with sea water, then it was transported to laboratory and cleaned with tap water and deionized water to remove salts and particulate materials adhere to the surface. After that, the algae were sun-dried. The obtained biomass was powdered using a centrifugal grinder and sieved to gain a uniform particle sizes (about 500 µm).
Preparation of synthetic solution (Adsorbate)
Stock solutions of 1000 mg L -1 of metal ions were prepared in deionized water using NiCI 2 .6H 2 O (Carlo Erba, 99%) and Pb (NO 3 ) 2 (Riedel-de Haën, 99%). Ni 2+ and Pb 2+ standard solutions were prepared by acceptable diluting of stock solution (1000 mg L -1 ) by deionized water. pH adjustment of all solutions was achieved using 1Mole of HCl or 1 Mole of NaOH.
Batch adsorption studies
Batch adsorption investigation was conducted in 250 mL conical flask (Erlenmeyer flasks) containing the dry mass of S. latifolum and constant volume (100 mL) of Ni 2+ and Pb 2+ solution. Serial concentrations of metal ions (10 -200 mg L -1 ) were mixed with series of adsorbent doses (1 -3.5 g), and different pH range (3 -8) was adjusted to examine the function of pH. The suspensions were shacked using orbital shaker (Protech, model 720) with agitation speed of 110 rpm. The experiment was repeated at different temperature values (20 -50 °C), and solution samples were withdrawn at different time intervals (1min -24h). Then, the mixture was separated from the adsorbent using membrane filter paper (whatman No.1, 0.47 μm Millipore) and measured by using Perkin Elmer Atomic Absorption Spectrometer (AAnalyst 400). The metal removal efficiency was calculated from the Eqs:
Metal removal (%) = 100 (C i − C e )/C i (1) The adsorption capability for metals can be investigated based on the mass balance according to the Eq.: q e = (C i − C e ) V/ m
(2) Where: C i refers to initial of metal concentration in the mixture (mg L -1 ), C e refers the equilibrium of metal concentration in the liquid phase (mg L -1 ), V is the volume of mixture (in liters) and m is the mass of alga applied in grams .
Isotherm studies
Adsorption equilibrium isotherms were investigated using 1g of adsorbent that was suspended with 100 mL of metal solutions at different initial Ni 2+ and Pb 2+ ions concentrations (varying range from 10 to 200 mg L -1 ). The mixture was controlled at pH 7&6 and temperature 25 & 30 o C for Ni 2+ and Pb 2+ ,respectively. For these investigates, the flasks were shaken at a speed of 110 rpm for 240 min. Then, the mixture was filtered and measured.
Kinetic studies
Batch experiments were carried out in 250 ml conical flasks containing mixture of 1g adsorbent with 100 ml of metal solution (100 mg L −1 ). The condition was adjusred to pH 7&6 and temp. 25 &30 o C for Ni 2+ and Pb 2+ respectively. The samples were shaken at time intervals (1, 5,10,15, 30, 45, 60,120, 240, 1440 min) and centrifuged for 5 min. The clear mixture was analysed for residual Ni 2+ and Pb 2+ concentration in the solution.
RESULTS AND DISCUSSION
Parameters affecting removal of Ni 2+ and Pb 2+ ions Effect of contact time
The practical efficiency of adsorption process in solution largely depends on the immersion time in the medium (i.e., contact time) (Ibrahim et al., 2016) . Adsorption of nickel and lead ions was determined at given contact time for four initial metals concentrations of 10, 25, 50 and 100 mg L -1 . Fig. (1) summarizes the effect of contact time on the removal of Ni 2+ and Pb 2+ ions at different concentration levels.
The adsorption behavior over time varied between the studied metal ions. The rate of Ni 2+ ion removal was fast, and basic adsorption processes completed within 5 min. On the other hand, Adsorption of Pb 2+ increased steadily in the first 60 min, followed by slower increase until equilibrium at 240 min. The effect of contact time was not essential at high concentration (100 mg L -1 ). During the initial stage larger surface area of algae is available; therefore the adsorption quickly occurs at the active biding sites . But, normally, the adsorbate form onemolecule thick layer over the surface, and the biosorption process decresed with the time (Baia and Venkteswarlub, 2018) . 
Effect of pH
The pH value is a crucial factor for metal adsorption from aqueous medium. The external properties of alga and the functional groups in algal cell wall are greatly affected by the variations of pH values (Ibrahim et al., 2016) . The results for Ni 2+ and Pb 2+ are displayed in Fig. (2) . The percentage removal of Ni 2+ metal was gradually raised up to pH 7 and then it was decreased. While, Pb 2+ adsorption showed peak values at pH 6 with maximum removal of 78.91 %. Adsorption is usually restrained at low pH, since excess positive charge (H + ) on the surface inhibits the metal cations due to repulsive force. While at higher pH (than the optimum condition), the decline in percentage removal is attributed to the inactivity of binding site in basic condition (Ghoneim et al., 2014) . The slow rate of Pb 2+ adsorption after pH value 6 could be also explained by the possibility precipitation of Pb(OH) 2 hydroxides (Das et al., 2008) . These results support the role of the chemical connections among the ions; since the olifinic double bond, sulphonic, amine groups and carbonyl of the S. latifolium alga are responsible for the adsorption of metal ions (Baia and Venkateswarlub 2018) .
Effect of initial ions concentration
In this section, five initial Ni 2+ and Pb 2+ concentrations of (10, 25, 50, 100 and 200 mg L -1 ) were examined with 1g of the dry alga dosage for 120 min. The results, in Fig. (3) , indicate that the highest removal was found at initial concentration of 10 mg L -1 with 68.9 and 94.6 % for both Ni 2+ and Pb 2+ ions respectively. After that, the percentage was decreased in both metal ions, however the removal of Pb 2+ remained at high values (83%) until initial concentrations of 50 mg L -1 before it was declined drastically afterward. It is obvious that adsorption process is more effective at low metal concentrations because all active sites on the algal surface are vacant (Ibrahim et al., 2016) . On the other hand, at higher metal levels the binding sites become consumed and finally the biosorbent surface becomes saturated and uptake rate decreased (Al-Qodah 2006). 
Effect of temperature
Nickel and lead ions adsorption on S. latifolum was examined as a function of temperature at several degrees of 20, 25, 30, 40 and 50 o C utilizing 10 mg L -1 of metal ions with pH 6 and constant biomass dosage of 1 g. The highest percentage removal was found at 25 and 30 o C for Ni 2+ and Pb 2+ ions respectively. Further increase in temperature values led to the lessening in removal percentage as displayed in Fig. (4) . This decrease is attributed to lower surface activity on S. latifolum alga at higher temperature and subsequent lower adsorption of metal ions. It is will-identified that adsorption process is an exothermic reaction (AjayKumar et al., 2009) . The temperature in the adsorption process has double main effects. Firstly, increasing the temperature values will raise the rate of metals diffusion outside the boundary layer, in addition to the internal holes of the adsorbent as a result of temperature constant increases with liquid viscosity decreases. Secondly, the equilibrium capacity of the heavy metal ions determines which process is endothermic or exothermic (Al-Qodah 2006). 
Effect of adsorbent dose
The influence of the biomass dose was investigated at temperature (25 o C) by varying the sorbent amounts of dry S. latifolum from 1 to 3.5 g, while the initial metal ions concentration was fixed at 25 mg L -1 with pH 6. The elimination of Ni 2+ and Pb 2+ ions by different doses of S. latifolum is presented in Fig. (5) . The metal removal (i.e. adsorption process) for both Ni 2+ and Pb 2+ ions increased with increase in quantity of algae from 1 to 2.5 g. Any additional biomass beyond this did not change in the adsorption rate. Higher doses of the biomass means greater availability of the external area and more pore volume that will be available for the adsorption (Mall et al., 2006) . However at saturation point, further doses will not influence the removal efficiency since high biosorbent quantities can cause agglomeration in the biomass, in addition a consequent reduction in intercellular distance usually prevent binding sites from metal ions interaction (El-Sikaily et al., 2011) . 
Adsorption isotherms data analysis
Adsorption isotherms explain the equilibrium relations among adsorbate and adsorbent. Adsorption isotherms models were used to meet the equilibrium data known as Langmuir, Freundlich, Temkin and Dubinin-Radushkevich isotherm models due to their simplicity and reliability (Langmuir, 1918 , Freundlich, 1906 , Tempkin and Pyozhev, 1940 , Dubinin, 1960 . Their applicability was judged by linear correlation coefficients (R 2 ).
Langmuir isotherm
The Langmuir equations is the earliest theoretic treatments of non-linear adsorption, and assume that the uptake occurs on a homogeneous surface via monolayer adsorption without contact among adsorbed particles. The model suggests uniform energies of sorption onto the surface and no transmigration of the metal ions. Langmuir model can be linearized by the following Eq. (3): 1/q e = 1/ (b q max C e ) + 1/q max (3) Where; q max represents the monolayer sorption capacity (mg L -1 ) and b is the Langmuir constant for free adsorption energy (L mg -1 ). The values of b and q max are estimated from slope and intercept respectively. Linear plot of Langmuir isotherm for nickel and lead ions adsorption, the calculated parameters and regression coefficients are presented in Fig. (6) and Table ( 1). Fig. (6) shows the Langmuir plot of Ni 2+ and Pb 2+ sorption by S. latifolum with linear correlation coefficient of 0.804 and 0.984 respectively, where it was close to unity. Therefore, the results conform well-fit toward the Langmuir isotherm model for lead ions.
Maximum adsorption capacities, q max related to complete monolayer coverage of Ni 2+ and Pb 2 was found to be 0. 276 and 0.171 mg g -1 . While "b" value was 10 and 15.58 l/g (for Ni 2+ and Pb 2+ ions, respectively). The Langmuir equation were used to expect the affinity of S. latifolum surfaces to Ni 2+ and Pb 2+ ions via dimensionless separation factor (R L ), where it was calculated in following Eq.(4). R L =1/ (1 + b*C i ) (4) The average R L values was 0.004 and 0.002 for Ni 2+ and Pb 2+ ions respectively, which mean that adsorption on S. latifolum was favorable since the values of R L lies among 0 and 1 (Langmuir 1918 ).
Freundlich isotherm
The Freundlich model describes adsorption process on a heterogeneous surface with active sites possessing interactions among adsorbed molecules. Also, it assumes that a logarithmic lessening in the enthalpy of adsorption with the rise in the fraction of occupied sites. Freundlich equation can be expressed by the following Eq. (5):
Where: K f indicates relative adsorption capacity of adsorbent and n is an intensity of the sorbent.
The linear plot of Freundlich equation for removal of Ni 2+ and Pb 2+ ions and the calculated parameters are presented in Fig.(7) and Table ( 1). The linear correlation coefficient for S. latifolum is ranged between 0.837 and 0.989 for both Ni 2+ and Pb 2+ ions, respectively, which shows that the investigated data fitted well for Freundlich model for lead ions.
Freundlich constant (K f ) and n value could give a sign on the favorability of adsorption. The calculated n value, as represented in Table ( 1), proves that the adsorption onto S. latifolum is considered moderately for Ni 2+ ions. It is suggested that values of n in the range of two to ten is perfect, one to two as ordinary difficult and below than one as poor adsorption specific (Chen et al., 2010) . 
Temkin isotherm
Temkin model gives description for the behavior of adsorption process on the heterogeneous surface. This equation explains the effects of indirect adsorbateadsorbate interface isotherms. This model assums that the molecular heat of adsorption on the adsorbent surface layer would decline linearly when coverage increase.
The adsorption possibilities of the alga for metal ions can be calculated by using Temkin isotherm equation, which supposes that the fall in the heat of metal adsorption is linear rather than logarithmic "as assumed in the Freundlich model". The Temkin isotherm is given by the following Eq. (6). q e = B ln K T + B lnC e (6) B = RT/ b, where: K T represent Temkin isotherm constant (Lg -1 ), b represent a constant related to heat of sorption (Jmol -1 ) (Lg -1 ), R indicates the gas constant (8.314 J mol -1 K -1 ) while T is the absolute temperature (K).
According to Temkin Eq. (6), we can estimate the values of constants A and B by ploting the relation of q e versus ln C e (Fig. 8) . The results showed low correlation coefficient for both metal ions (Table 1) 
Dubinin-Radushkevich(D-R) isotherm
This isotherm is used to evaluate adsorption mechanisms on a heterogenous surface. This model was selected to determine the characteristic porosity besides the apparent free energy of sorption (Gemeay et al., 2002) . The linear equation of the isotherm can be given by the Eq. (7): Ln q e = Ln Q m -K ɛ 2 (7) Where: K and Q m are a constant relates with the sorption energy and the extreme adsorption capacity, respectively and ε can be calculated from Eq. (8). ɛ = R T ln (1+ (1/C e )) (8) E represent the mean free energy of sorption (kJ mol -1 ). which expressed as the free energy variation when one mole of solution ions is transferred from infinity in solute solution to the surface of the solid, E value was expressed by the next Eq. (9): E = 1/ 2k (9) The slope of Ln q e vs. ɛ 2 was plotted for S. latifolum as presented in Fig. (9) . The calculated D-R parameter, in addition to mean free energy for treatment process is expressed in Table (1). The linear correlation coefficients found from this isotherm are in the same range or higher than those obtained from both Langmuir and Freundlich isotherm equations (Table 1) , which indicates the applicability of D-R isotherm model for Ni +2 and Pb 2+ ions. The parameter of E determined using Eq. (9) recorded 13.13 and 31.62 kJ mol -1 for both Ni 2+ and Pb 2+ ions respectively. This result indicates that the adsorption process for both ions is of chemical nature (by ion-exchange mechanism) rather than physical adsorption. 
Adsorption kinetics
In the kinetic adsorption models, it"s postulated that the total rate of the adsorption is controlled through the removal rate of the solute on the external layer of the adsorbent biomass. The kinetics are usually modeled by the pseudo-first-order, pseudo-second-order kinetics in addition to intraparticle diffusion models. The compatibility among investigational results and the model-predicted values was determined by values of linear correlation coefficients (R 2 ) close or equal to unity.
The pseudo-first order model
This model was suggested by Lagergren"s equation which describes adsorption in liquid-solid systems that depend on the adsorption capacity of solids. The pseudofirst order model represented by the following Eq. (10) (Ho et al., 2000) . Log (q e − q t ) = log q e − k 1 t/2.303 (10) Where: q e and q t (mg g −1 ) are the adsorption capacity at equilibrium and time (t), respectively. K 1 (min −1 ) represent the rate constant of pseudo-first-order adsorption. Parameters of log (q e -q t ) are correlated by t as shown in Fig. (10) in which the values of k 1 and q e are estimated from the slope and intercept of the kinetic equation, respectively.
Parameters of k 1 , experimental q e and calculated data of q e , in addition to the R 2 for the pseudo-first kinetic plots were observed in Table ( 2). As can be seen from data, the R 2 parameter found from the plots were low, and the theoretical data of q e were less than the corresponding experimental values. This proved a poor fitting between the kinetics data and the pseudo-first order isotherm.
The pseudo-second order model
The pseudo-second-order model depend on the assumption of chemisorption of the adsorbate on the biomass. This model as described by Ho (2000) is expressed as: t/q t = 1/k 2 q e 2 + t/q e (11) Where: the rate constant of the second-order equation is k 2 (g mg -1 min -1 ). The values of k 2 and q e were estimated from the slope and intercept of the linear figure of t/qt against (t) as presented in Fig. (11) . Experimental data agreed with the secondorder equation since correlation coefficients are close to or equal 1 for both metal ions "unlike those resulting from pseudo first-order model". Therefore, The pseudo-second order model better describes the mechanisms of adsorption of Ni +2 and Pb +2 onto S. latifolum. Similar results were found on brown and green algae by Nessim et al. (2011) and Bai et al. (2018) .
The intraparticle diffusion model
In this model the adsorption method occurs in numerous steps including the transport of solute particles from the aqueous part to the solid particles surface followed by diffusion of the dissolved ions to the interior of the cavities (Weber and Morris 1963) . The equation of the intraparticle diffusion model is expressed in Eq. (12) as follow: q t = K dif t 1/2 + C (12) Where: C mean the intercept in addition K dif (mg g −1 min −0.5 ) mean the intraparticle diffusion rate constant. The figures of q t inverse t 0.5 may present a numerous-linearity correlation, which shows that two or more stages happen through adsorption process as showing in Fig. (12) . K dif directly calculated from the slope and the intercept is C as recorded in Table  ( 2). The values of C offer information around the thickness of the border layer, where the resistance to the surface-mass transfer raises as the intercept increases. The linear relationship of the plots confirmed that intra-particle diffusion have a significant part in the uptake of the lead ions by sorbent where the R 2 values become close to 0.945, while it showed low linearity for the adsorption of nickel ions (R 2 value was 0.340). 
Application to wastewater and seawater
Due to the interferences of industrial wastewater with the environment, the evaluation of adsorption capacity of biomass in different solutions is principal to develop bioprocess to remove and recover metal from industrial effluents. So, the adsorption mechanism of S. latifolium in treatment of Pb 2+ ions in distilled water, industrial effluent as well as synthetic seawater samples was studied here. The application of biomass of algae to remove pb 2+ ions was achieved under optimization conditions (pH 6 at 30ºC and 0.1 g of adsorbents in 10 mL of solution). The obtained results are illustrated in Table ( 3). The highest percentage of pb 2+ removal was in distilled water (87.05 %), followed by wastewater (67.37 % ) and finally synthetic sea water (57.48 %). It is obvious that seawater has concentration of cation metals such as (Na + , Mg 2+ and Ca 2+ ) higher than of wastewater and deionized water. Therefore, lower Pb 2+ ions removal may be owing to the inhibition effect of salts on the active site on the biomass (Al Prol 2015) . In addition, the concentration of the salts is directly proportional with the ionic strength of the solution. 
CONCLUSION
Adsorption as an effective technique for heavy metal removal has gained imperative credibility due to its good performance and low cost. This study provides important data about the adsorption behaviour of nickel and lead ions onto the brown marine alga S. latifolium in aqueous solution using batch system. The adsorption process depended on the influences of operational conditions as contact time, pH, temperature, initial metals concentration and biomass dose. The maximum removal of Ni 2+ (78.91 %) and Pb 2+ (88.78 %) ions was obtained within 60 min from the start of the experiment, at pH 7 & 6 and temp. of 25 & 30 o C, respectively. The isotherm equilibrium studies showed that Langmuir, Freundlich and Dubinin-Radushkevich models are the best fitted models for the adsorption process. Experimental results were tested in terms of adsorption kinetics, where the adsorption process in this study followed the pseudosecond-order model. Furthermore,the applications of biomass to remove Pb 2+ ions from distilled water, seawater and wastewater were carried out under optimization conditions. Removal effecincey from sea water was lower than other solutions, probably due to the inhibition of the adsorption by the cations in salt water. The present study concludes that S. latifolium algae can be employed as an effective, low cost, and environmentally friendly adsorbent for elimination of Ni 2+ and Pb 2+ ions from aqueous solution and wastewater.
